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Description 

Field of the invention 

[0001] The present invention relates to an ink-jet recording method of recording on an ink-jet recording sheet by use 
of a water-based ink and in particular to an ink-jet recording method by use of an ink-jet recording sheet having a void- 
type ink absorbing layer with high ink-absorptivity and little deterioration of the layer after printing. 

Background of the invention 

[0002] Ink-jet recording is recording of images or letters through ejecting fine ink droplets based on various operating 
principles and allowing them to adhere to a recording sheet, giving advantages such as relatively, high speed printing, 
low noise and being readily accessible to multicolor printing. This system has overcome problems such as ink clogging 
of nozzles and maintenance in view of both inks and apparatuses, and has spread widely in the field of printers, fac- 
similes and computer end-items. Details thereof are described in "Trends in Ink-Jet Recording Techniques* (edited by 
Takaichi Nakamura and published by Nihon Kagakujoho Corp., March 31, 1995). 

[0003] Employed as an ink-jet recording sheet are a variety of recording sheets, including plain paper, various types 
of coated paper provided with a layer comprising a hydrophilic binder and an inorganic pigment (e.g., art paper, coated 
paper, cast-coated paper, etc.), various paper laminated, on both sides, with plastic resin, and transparent or opaque 
plastic resin film supports having thereon an ink-absorbing layer as a recording layer. 

[0004] The ink-absorbing layer described above is classified into a swelling type, one mainly comprised of a hy- 
drophilic binder and a void-type, having internal voids. 

[0005] The void-type ink absorbing layer holds the ink within the voids formed in the layer, and the voids can be 
formed by allowing various inorganic solid particles or organic solid particles to be contained in the layer. 
[0006] Ink-jet recording sheets requires high performance such that printing dots have a high density, exhibit light, 
vivid image color, and absorb ink so quickly that the ink does not flow or penetrate even when the printing dots overlap! 
and lateral diffusion of the printing dots is not excessive so that peripheries of the dots are smooth and not blurred. In 
cases where the ink absorbing speed of the layer is low, when two or more different colored ink droplets overlap, the 
droplets cause repellency on the recording sheet or penetration in the boundary region of different colors, leading to 
a deteriorated image quality, necessitating that the ink-jet recording sheet requires high ink absorptivity. 
[0007] To overcome these problems, there have been proposed a number of techniques; for example, JP-A 52-530 1 2 
(hereinafter, the term, JP-A means unexamined, published Japanese Patent Application) discloses a recording sheet 
comprising low-sizing raw paper coated with a paint for surface treatment; JP-A 55-5830 discloses a recording sheet 
comprising a support coated with an ink absorbing layer; JP-A 56-157 discloses a recording sheet containing, as 
pigment, non-colloidal silica powder in a coating layer; JP-A 57-107878 discloses a recording sheet employing an 
inorganic pigment and an organic pigment in combination; JP-A 5B-1 10287 discloses a recording sheet having void 
distribution with two peaks; JP-A 62- 1 1 1 782 discloses a recording sheet comprising two upper and tower porous layers; 
JP-A 59-68292, 59-123696 and 60-135786 disclose a recording sheet having amorphous cracking; JP-A 61-135786, 
61-148092 and 62-149475 disclose a recording sheet having a fine powder layer; JP-A 63-252779, 1-108083! 
2-136279, 3-65376 and 3-27976 disclose a recording sheet containing a pigment or fine silica particles with specified 
physical property parameters; JP-A 57-14091, 60-219083, 60-210984, 61-20797, 61-18B183, 5-27B324, 6-92011, 
6-183134, 7-137431 and 7-276789 disclose a recording sheet containing fine silica particles, such as colloidal silica- 
JP-A 2-276671 , 3-67684, 3-215082. 3-251488, 4-67986, 4-2639B3 and 5-16517 disclose a recording sheet containing 
hydrated alumina fine particles. 

[0008] In cases where a support itself is water absorptive, the ink-jet recording sheet exhibits high absorbing volume 
and ink absorptivity, which are prelerable in terms of ink absorption. However, disadvantages result such that after ink- 
jet recording, the support becomes wavy, wrinkling occurs on images or a part of the dyes penetrates into the support, 
which lowers the density. 

[0009] In cases where the support is water-nonadsorptive, on the other hand, the above disadvantages were not 
produced and vivid images with high density were obtained. However, there was still a problem such that the total 
amount of ink absorbing voids formed in the ink absorbing layer were limited. In the case of an ink absorbing layer with 
a dry thickness of 40 urn when solid component(s) are presumed to form a layer with a thickness of 22 urn, the total 
volume of the voids is to be only 18 m! per of the ink-jet recording sheet, producing problems such that, though 
depending on the recording system, the volume of the voids for absorbing the ink becomes insufficient in the vicinity 
of the maximum ink quantity. Attn ugh an increase of a coating layer thickness enhances the void volume, such layers 
become brittle, resulting in cracking at low humidity r lowering adhesion onto the support. 

[0010] To solve the problems described above, the Applicants of the present invention proposed a method of im- 
proving the lay r-forming properties and brittleness of the layer through incorporating a hydrophilic binder capable of 
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forming a void structure and a hardening agent (Japanese Patent Application No. 8-283636). A void^ype ink-jet re- 
cording sheet in which a void-type ink absorbing layer is formed using polyvinyl alcoh I as a binder and boric acid r 
its salt as a hardening agent is the specifically preferred one. However, when recorded on the ink-jet recording sheet 
containing polyvinyl alcohol as a hydrophilic binder and boric acid or its salt as a hardening agent by using a water- 
s based ink containing as a high boiling solvent, a compound containing a hydroxy group, it was proved that other prob- 
lems were produced such as partial cracking occurring in the layer during high temperature and high humidity storage 
of the recorded sheet. 

[0011] As a result of a study of the causes, it was proved that the layer was deteriorated due to the action of a hydroxy 
group containing compound which was incorporated in the water-based recording ink. Furthermore, taking account of 
to the fact that when the content of fine inorganic particles used for forming voids is less than 2, based on the weight of 
polyvinyl alcohol, cracking hardly occurs, it is contemplated that the use of the fine inorganic particles in large amounts 
use to form the voids, lower layer forming ability of polyvinyl alcohol in printing portions. 

[0012] EP-A-0634286 discloses a recording sheet comprising a substrate having thereon a layer comprising alumina 
hydrate, polyvinyl alcohol and boric acid or a salt thereof. The proportions of ingredients lie outside those defined 
is according to the present invention. 

Summary of the Invention 

[001 3] In view of the foregoing, it is an object of the present invention to provide a method of ink-jet recording on an 
20 ink-jet recording sheet having an ink absorbing layer comprising polyvinyl alcohol as a hydrophilic binder and boric 
acid or its salt as a hardening agent with a water-based recording liquid comprising a compound having a hydroxy 
group as a high boiling solvent, in which no cracking is produced even when recorded sheets are stored at high tem- 
perature and high humidity. 

[0014] The above object can be accomplished by an ink-jet recording method comprising recording on an ink-jet 
2$ recording sheet comprising a non-water-absorbing support and provided thereon an ink absorbing layer containing 
polyvinyl alcohol, fine inorganic particles and boric acid or its salt, using an ink-jet recording apparatus and a water- 
based recording liquid containing a compound having a hydroxy group as a high boiling solvent, and the following 
requirements (1) and (2) being met: 

30 (1) 0.05£X/Y<0.5 



(2) Z/Y:S4 

35 

wherein X is the amount of boric acid or its salt contained in the ink absorbing layer of the recording sheet, per unit 
area (mmol/m 2 ); Y is the amount of a hydroxy group contained in polyvinyl alcohol contained in the ink absorbing layer 
of the recording sheet, per unit area (mmol/m 2 ); and when recorded on the recording sheet at a maximum ejecting 
amount of the water-based recording liquid, 2 is a maximum amount (mmol/m*) of the the hydroxy group contained in 
40 the high boiling solvent contained in a unit area, when recorded on the recording sheet at a maximum ejecting amount 
of the water-based recording liquid, expressed in mmol/m 2 . 

Detailed Description of the Invention 

45 [001 5] The ink-jet recording sheet used in the present invention has a void-type ink absorbing layer (hereinafter, also 
referred to as a void layer), provided on a non-water-absorbing absorbing support. In the void layer according to the 
invention, polyvinyl alcohol is used as a hydrophilic binder, in terms of the high void ratio being obtainable. Interaction 
between polyvinyl alcohol and fine inorganic particles easily forms soft aggregations, leading to efficient void formation. 
[001 6] Polyvinyl alcohols used in the invention also include a cation-modified polyvinyl alcohol, a nonion-modified 

so polyvinyl alcohol and an anion-modified polyvinyl alcohol. The average polymerization degree of the polyvinyl alcohol 
used in invention is preferably 1 ,000 to 5,000. and more preferably 2,000 or more (still more preferably 2,000 to 5,000), 
in terms of improvements in layer forming property. A saponification degree is preferably 70 to 100% and more pref- 
erably 80 to 100%. 

[0017] The cation-modified polyvinyl alcohol is referred to as a polyvinyl alcohol containing a primary, secondary or 
ss tertiary amino group, or a quaternary ammonium group in the main chain or side chain of the polyvinyl alcohol, as 
described in JP-A 61 -1 0483, which can be obtained through saponification of a copolymer of a cationic group-containing 
ethylene unsaturated mon mer and vinyl acetate. Examples of the cationic gr up-containing ethylenic unsaturated 
monomer include trimethyl-(2-acrylamido-2.2-dimethylethyl)ammonium chloride, trimethyl-(3-acrylamido-3,3-dimeth- 
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ylpropyl)ammonium chloride, N-vinyl imidazole, N-vinyl-2-methylimidazole, N-(3-dimethylaminopropyl)methacyla- 
mtde, hydroxyethyltrimethylammonium chloride, trimethyl(methacrylamidopropyl)ammonium chloride and N- 
(1,1-dimethyl-3-dimethylaminopropyl)acrylamide. In the copolymer of the cationic group-containing ethylenic unsatu- 
rated monomer and vinyl acetate, the content of the cation group-containing monomer is pr ferably from 0.1 to 10 
mol%, and more preferably from 0.2 to 5 mol%, based on vinyl acetate. 

[0018] The anion-modrfied polyvinyl alcohol includes, for example, a polyvinyl alcohol containing an anionic group, 
as described in JP-A 1 -206088; a copolymer of vinyl alcohol and a vinyl compound containing a water-solubiiizing 
group, as described inJP-A 61 -237681 and 63-307g79; and a modified polyvinyl alcohol containing a water^otubilizing 
group, as described in JP-A-7-2B5265. 

[0019] The nonion-modified polyvinyl alcohol includes, for example, a polyvinyl alcohol derivative in which a poly- 
alkyleneoxide group is added to a part of the polyvinyl alcohol.as described in JP-A 7-9758; and a block copolymer 
of a vinyl compound containing a hydrophobic group and vinyl alcohol, as described in JP-A B-25795. 
[0020] Other hydrophilic binders may be incorporated into the void layer, together with polyvinyl alcohol. Examples 
of other hydrophilic binders suitably used in combination with polyvinyl alcohol include gelatin such as acid processed 
gelatin or alkali processed gelatin; gelatin derivatives such as phenyl carbamoyl-modified gelatin and phthalated gelatin; 
polyvinyl pyrroiidone; polyethyleneoxide; carboxymethylcellulose; hydroxyethylceliulose; polyacrytamide, pullulan; 
polyacrylic acid, casein, agar, caraginan and dextran. The hydrophilic binder used in combination with polyvinyl alcohol 
is incorporated preferably in an amount of not more than 20% by weight, based on polyvinyl alcohol. 
[0021] In the invention, the fine inorganic particles are used to form voids in the ink absorbing layer. Examples of the 
fine inorganic particles include inorganic white pigments, such as precipitated calcium carbonate light, calcium car- 
bonate heavy, magnesium carbonate, kaoline, clay, talc, calcium sulfate, barium sulfate, titanium dioxide, zinc oxide, 
zinc hydroxide, zinc sulfide, zinc carbonate, hydrotalcite, aluminum silicate, diatomrte, calcium silicate, magnesium 
silicate, synthetic amorphous silica, colloidal silica, alumina, colloidal alumina, pseudo-boehmite, aluminum hydroxide, 
lithopone, zeolite and magnesium hydroxide. 

[0022] As the fine inorganic particles preferably used, are those selected from fine silica particles prepared by a gas 
phase method and colloidal silica, and more preferably fine silica particles prepared in a gas-phase method, in terms 
of a image density, image vividness and manufacturing costs. The fine silica particles prepared in the gas-phase meth- 
od, which can be obtained by subjecting silicon tetrachloride, together with hydrogen and oxygen, to combustion at a 
high temperature, are conventionally silica powder having an average primary particle size of 5 to 500 nm. The colbidal 
silica preferably used in the invention, which can be obtained through double decomposition of sodium silicate with 
acid or by heat-ripening silica gel which has been allowed to pass through an ionexchange resin layer, are conven- 
tionally those having an average particle size of 5 to 100 nm. The use of the colloidal silica in the ink-jet recording is 
described in JP-A 57-14091, 60-219083, 60-219084, 61-20792, 61-188183, 63-17807, 4-93284, 5-278324, 6-92011 
5-1B3134, 6-297830, 7-81214, 7-101142, 7-179029 and 7-137431 ; and International Patent open to public inspection! 
W094/26530. The surface of the fine silica particles prepared in the gas-phase method or the colloidal silica may be 
modified with cations, for example, inorganic salts such as Al, Ca, Mg and Ba. 

[0023] The fine inorganic particles used in the invention may be dispersed uniformly in the form of primary particles 
as they are, or in the form of secondary coagulated particles. The use of the fine inorganic particles having an average 
primary particle size of 30 nm or less is prelerabie in terms of glossiness. The use of the fine inorganic particles having 
an average primary particle size of 30 nm or less prevents coagulation which is liable to be caused when used in 
combination with a cation type aqueous soluble polymeric mordant, leading to enhanced glossiness. The use of the 
fine inorganic particles having an average primary particle size of 20 nm or less is more preferable. The lower limit of 
the primary particle size is not limited, but preferably 3 nm or more, and more preferably 6 nm or more, in terms of 
manufacture of particles. 

[0024] The average size of fine inorganic particles can be determined by observing the particles themselves or those 
appearing in the void layer or on its surface by an electron microscope, measuring sizes of 100 particles arbitrarily 
chosen and averaging them as a simple average (number average). The size of each particle is represented as a 
diameter of a circle equivalent to a projected area of the particle. 

[0025] In one preferred embodiment, the fine silica particles prepared in the gas-phase method are preferably those 
having an average primary particle size of 30 nm or less in terms of glossiness. The fine silica particles prepared by 
the gas-phase method are commercially available, such as various kinds of Aerogil (RTM) available from Ninon Aerogil 
Corp. In another preferred embodiment, the colloidal siica is preferably one having an average particle size of 7-30 
nm, in terms of glossiness. 

[0026] The fine inorganic particles are incorporated preferably in a ratio by weight of 2 to 1 0 t and more preferably 3 
to 9, based on polyvinyl alcohol. 

[0027] Boric acid r its salt is used as a hardening agent. Boric acid or its salt (h reinaft r, also r ferred to as a 
hardening agent) is an oxyacid containing a boron atom as a central atom or its salt; and examples thereof include 
orth boric acid, metaboric acid, hypoboric acid, tetraboric acid, pentab ric acid, and their salts. 
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[0028] The hardening agent may be added into a coating solution to form the void layer or a coating solution to torm 
another layer adjacent to the void layer. Alternatively, the hardening agent can be supplied into the void layer in a 
manner such that a coating solution previously containing a hardening agent is coated on a support and further thereon 
is coated a coating solution to form a void layer, containing no hardening ag nt, or a coating solution to form a void 
5 layer, containing no hardening agent is coated, dried and then a solution containing a hardening agent is further coated 
thereon. It is preferable to add the hardening agent into the coating solution to form the void layer or into the coating 
solution to torm an layer adjacent to the void layer, in terms of ease in manufacture. 
[0029] Next, the following requirements (1) and (2) to be met in the invention will be described below: 

10 (1) 0.05SX/YS0.5 



(2) Z/Y<4 

75 

wherein X is the amount of boric acid or its salt in the ink absorbing layer of the recording sheet, per unit area (expressed 
in terms of mmol/m 2 ); Y is the amount of a hydroxy group in the polyvinyl alcohol in the ink absorbing layer of the 
recording sheet, per unit area (expressed in terms of mmol/m 2 ); and when recorded on the recording sheet at the 
maximum ejecting amount of the water-based recording liquid (i.e., the maximum ink amount), Z is a maximum value 

20 (mmol/m 2 ) among the amounts of the hydroxy group in the high boiling solvent in a unit area. 

[0030] To obtain effects of the method of the present invention, three parameters, i.e., the amount of boric acid or 
its salt per unit area (mmol/m 2 ), which is in the ink absorbing layer of the recording sheet; the amount of a hydroxy 
group per unit area (mmol/m 2 ), which is in the polyvinyl alcohol in the ink absorbing layer of the recording sheet; and 
a maximum value (mmol/m 2 ) among the amounts of the hydroxy group in the high boiling solvent in a unit area, when 

25 recorded on a recording sheet at the maximum ejecting amount of the water-based recording liquid, are required to 
concurrently satisfy the above conditions (1 ) and (2). As a result, cracking occurring on the layer surface during storage 
under conditions of high temperature and high humidity, can be minimized. 

[0031] Requirement (1) indicates that the ratio of the amount of boric acid or its salt to the content of the hydroxy 
group of polyvinyl alcohol needs to be within a specified range. Requirement (2) indicates that the ratio of the maximum 
30 value among the contents of the hydroxy group of the high boiling solvent in a unit area in recording on the recording 
sheet at a maximum ejecting amount of the water-based recording liquid to the content of the hydroxy group of polyvinyl 
alcohol needs to be within a specified range. 

[0032] Although the reason that both requirements (1) and (2) must be satisfied is not clarified, it is contemplated 
that a hardening agent needs to be present in an optimal ratio with respect to the content of a hydroxy group of polyvinyl 

35 alcohol and that since the hydroxy group of the high boiling solvent contained in the water-based recording liquid and 
the hydroxy group of polyvinyl alcohol competitively react with the hardening agent, the ratio of the hydroxy group 
content of the high boiling solvent contained in the water-based recording liquid to that of polyvinyl alcohol is critical 
in order to maintain the chemical reaction of the hardening agent with polyvinyl alcohol. 
[0033] Next, X, Y and Z will be further detailed below: 

40 [0034] X represents the amount of boric acid or its salt in the ink absorbing layer of the recording sheet, per unit area 
(expressed in terms of mmol/m 2 ). Thus, when boric acid or its salt contains n boron atom(s) within the molecule, X is 
n times the mole number of the boric acid or its salt, for example, in the case when orthoboric acid (H3BO3) or its salt, 
or metaboric acid (HB0 2 ) or its salt is present in an amount of 0.01 mot per m 2 of a recording sheet, X is to be 0.01 
(mol/m 2 ), that is, 10 (mmol/m 2 ). In the case when a tetraborate (e.g., Na 2 B 4 07) is present in an amount of 0.01 mol 

as per m 2 of a recording sheet, X is to be 4x0.01 (mol/m 2 ). that is, 40 (mmol/m 2 ). In the case when a pentaborate (e.g., 
NaB s O B ) is present in an amount of 0.01 mol per m 2 of a recording sheet, X is to be 5x0.01 (mol/m 2 ), that is, 50 (mmol/ 
m 2 ). In cases where a boric acid and its salt are used in combination, a value of X is calculated for each and the sum 
thereof is the total X 

[0035] Using an apparent molecular weight of polyvinyl alcohol (=86-0.42xp), where p is the saponification degree 
so (in %), the molecular weight of vinyl acetate is 86 and the molecular weight of vinyl alcohol is 44, and when the amount 
of polyvinyl alcohol is y g per m 2 of a recording sheet, Y is represented as follows: 

Y = (1000xy)x(p/100)/(86-0.42xp) = 1 0xpxy/(86-0.42xp) 

55 

[0036] For example, when a polyvinyl alcohol with a saponification degree of 88% is used in an amount of 3 g/m* 



EP 0 888 904 B1 



Y = 10x88x3/(86-0.42x88) = 53.B (mmol/m 2 ). 



[0037] 2 is a maximum value, expressed in mmol/m 2 , of the amounts of the hydroxy group in a high boiling organic 
s solvent in a unit area of a recording sheet when recorded on the recording sheet at the maximum ejecting amount of 
the water-based recording liquid. The amount of the hydroxy group in a high boiling organic solvent in a unit area of a 
recording sheet when recorded on the recording sheet at the maximum ejecting amount of the water-based recording 
liquid refers to the amount of hydroxy group of a high boiling organic solvent in a water-based recording liquid on a 
unit area of a recording sheet when printed at the maximum ejecting amount so as to form a solid image, by an ink^et 
io recording apparatus controlled according to a printer driver software. The high boiling organic solvent is referred to as 
an organic solvent having a boiling point of 120° C or higher, containing no organic solvent having a boiling point lower 
than 120° C. 

[0038] In color ink-jet recording, yellow, magenta and cyan inks, and, if necessary, a black ink, are generally used 
in combination thereof, as a water-based recording liquid. In some cases, plura! inks different in dye density for each 

J5 color are used. In this case, when printed so as to form a solid image at the maximum ejecting amount in various 
combinations of inks, using an ink-jet recording apparatus based on printer driver software, the amount of the hydroxy 
group of a high boiling organic solvent contained in a water-based recording liquid on a unit area of a recording sheet 
is obtained for each of the inks in combination. Among these amounts of the hydroxy group obtained, the maximum 
is the maximum amount of the hydroxy group in a high boiling organic solvent in a unit area when recorded on a 

20 recording sheet at the maximum ejecting amount of the water-based recording liquid. 

[0039] In the case when three kinds of inks having the following compositions are used, 2 can be determined as 
follows: 



Table 1 



25 




Yink 


M ink 


Cink 




Dye 


2-1 g 


1-7 9 


i.9g 




DEG 


12.0 g 


8.0 g 


6.8 g 




GLY 


9.0 g 


12.0 g 


15.0 g 


30 


Water to make 


100 ml 


100 ml 


100 ml 




Ami of OH group (mmoI/100 ml) 


519 


542 


617 


35 
40 


DEG: Diethylene glycol (HOCH 2 CH 2 OCH 2 CH20H) 

Molecular we ight= 106, 

Amount of hydroxy group=2/mol 

(Molecular weight per one hydroxy group; 1 0S/2) 
GLY: Glycerin [CHgOHCHpHJCHpH] 

Molecular weight=92, 

Amount of hydroxy group=3/mol 

(Molecular weight per one hydroxy group;92/3) 



[0040] In the Table, the amount of a hydroxy group contained in a high boiling organic solvent in 100 ml of each ink 
is as follows: 



Hydroxy group amount of DEG =(1 000x1 2.0}+(106/2)=226 mmol 
Hydroxy group amount of GLY =(1000x9.0)+{92/3)=293 mmol 

Total hydroxy group amount contained in a high boiling organic solvent per 100 ml of Y ink =226+293=51 9 mmol 
M ink; 

Hydroxy group amount of DEG sOOOOxB.OHlOS^ISI mmol 
Hydroxy group amount of GLY =(1000x12.0)+(92/3)=391 mmol 

Total hydroxy group amount contained in a high boiling organic solvent per 100 ml of M ink =151+391=542 mmol 

C ink; 

Hydroxy group amount of DEG =(1000x6.8>*-(106/2)=12B mmol 
Hydroxy group amount of GLY =(1000x1 5. 0>+(92/3)=489 mmol 

Total hydroxy group am unt contained in a high boiling rganic solvent per 1 00 ml f C-ink =1 28+489=61 7 mmol. 



[0041] Assuming that an ink-jet printer records according to a printer driver software under the foil wing printing 
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conditions (1), [2J and [3J: 

[1] Y, M and C inks each are singly printed at the maximum ink ejecting amount of 25 ml per m 2 of a recording 
- sheet to form a solid image, 

[2] two inks are printed and superposed to form a solid image, provided that each ink is printed at a 50% of the 
single printing condition described above, 

[3] three inks are printed and superposed to form a solid image, provided that each ink is printed at a 35% of the 
single printing condition described above, 

the hydroxy group amount per m 2 of single color, a two color or a three color image is as follows: 

(1) Single colored solid image (max. ink amount=25 ml/m 2 ) 

Y: 524X(25/100) = 131 mmol 



M: 542x(25'1 00)= 136 mmol 



C: 61 7x(25/1 00) = 1 54 mmol 
(2) Two colored solid image (max. ink amount=25 ml/m 2 ) 

Y+M: 0.5x(524+542)x<25/100) - 1 33 mmol 



M+C: 0.5x(542+617)x(25/100) = 145 mmol 



C+Y: 0.5x(6l7+524)x(25/1 00) = 1 43 mmol 

(3) Three colored solid image (max. ink amount=26.25 ml/m 2 ) 

0.35x(524+542+617)x{25/100) = 147 mmol 

[0042] As can be seen from (1 ), (2) and (3) described above, when the C-ink is singly printed to form a solid image, 
the hydroxy group amount becomes a maximum value, that is, the maximum amount of the hydroxy group contained 
in the high boiling organic solvent in the water-based recording liquid is 154 mmol and accordingly, 2 is 1*54 nrfmol/m 2 . 
[0043] In the present invention, X, Y and Z more preferably meet the following requirements: 

(1) 0.1SX7YS0.4 



(2) Z/YS3. 

[0044] A variety of adjuvants may be added to the ink absorbing layer according to the present invention. 

[0045] Specifically, a cationic mordant is preferred in terms of enhancing water proof or moisture resistance after 

printing. 

[0046] Examples of the cationic mordant include polymeric mordant containing a primary, secondary or tertiary amino 
group or a quaternary ammonium base. Of these a polymeric mordant containing a quaternary ammonium base, is 
preferred due to minimal decoloring during storage, reduced deterioration in light fastness and high mordanting ability. 
Preferred examples of the polymeric mordant include a homopolymer of a monomer containing the quaternary ammo- 
nium base r its cop lymer or a condensation polymer with anoth r monomer. 

[0047] Besides the cati nic mordant, the ink absorbing layer f the ink-jet recording sheet used in the invention may 
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further contain a variety of adjuvants known in the art, including a UV absorb nt d scribed in JP-A 57-741 93, 57-87988 
and 620261476; an antifading agent described in JP-A 57-74192, 57-87989, 60-727B5, 61-146591, 1-95091 and 
3-1 3376; a surfactant such as an anionic surfactant, cationic surfactant r n nionic surfactant described in 59-42993, 
59-52689, 62-280069, 61-242871 and 4-219266; a fluorescent brightening agent, a defoaming agent, an antimoiding 

£ agent, a thickening agent, an antistatic agent and a matting agent. 

[0048] The ink-jet recording sheet used in the invention may have two or more ink absorbing layers on one side of 
a support. In cases where plural ink absorbing layers are provided, at least one layer is an ink absorbing layer according 
to the invention, and other layer(s) may be a swelling layer mainly containing a hydrophilic binder such as gelatin or 
an ink absorbing layer according to the invention. 

io [0049] On the other side opposite to ink absorbing layer, various backing layers may be provided for anticurling, to 
prevent adhesion when overlapped immediately after printing or to prevent an ink from being transferred to another 
ink-jet recording sheet. In the backing layer, a hydrophilic binder or a hydrophobic binder is general employed, depend- 
ing on the kind or thickness of the support, or constitution or thickness of the ink absorbing layer. The thickness of the 
backing layer is preferably 0.1 to 10 um The surface of the backing layer may be roughened for the purpose of pre- 
venting adhesion with another recording sheet, improving writability or improving transportability within an ink-jet re- 
cording apparatus. Fine organic or inorganic particles at sizes of from 2 to 20 um are employed for roughening. 
[0050] Non-water-absorbing supports used in the ink-jet recording sheet useful in the method of the invention include 
those used in conventional ink-jet recording sheets known in the art. Examples thereof include a transparent film com- 
prised of a material, such as a polyester resin, a diacetate resin, a triacetate resin, an acryl resin, a polycarbonate 

20 resin, a polyvinyl chloride resin, polyimtde resin, cellophane, or celluloid; a resin-coated paper having, on at least one 
side of a base paper, a coating layer comprised of potyolefin resin containing a white pigment (so-called RC paper); 
and a semitransparent or opaque support, so-called white PET in which a white pigment is added into polyethylene 
terephthatate. 

[0051] Prior to coating the ink absorbing layer, the support is preferably subjected to corona discharge or subbing 
2S treatment for the purpose of enhancing adhesion strength between the support and the ink absorbing layer The ink- 
jet recording sheet useful in the method of the invention is not necessarily colorless and transparent, or white; a colored 
recording sheet may be employed. 

[0052] An ink-jet recording sheet employing a paper support, laminated on both sides with polyethylene, is specifically 
preferred in terms of recording images close to photographic image quality, while enabling low cost and high quality 
so images to be obtained. 

[0053] The polyethylene-laminated paper support will now be further detailed. Raw paper of the paper support is 
made of a wood pulp raw material and may optionally include a synthetic pulp such as polypropylene or synthetic fibers 
such as nylon or polyester. Preferred examples of the wood pulp include LBKP, LBSP, NBKP, NBSP, LDP, NDP, LUKP 
and NUKP. It is preferred to use, in large proportions, LBKP, NBSP, LBSP, NDP or LDP, each mainly having shorter 
35 fibers. The proportion of LBSP or LDP is preferably between 1 0% by weight and 70% by weight. The puip is preferably 
chemical puip, which has negrigible impurities (e.g., sulfate pulp, sulfite pulp). Puip which is subjected to bleaching 
treatment to enhance whiteness, may also be employed. 

[0054] To the raw paper, there may optionally be added a sizing agent such as a higher fatty acid or alkylketene 
dimer; a white pigment such as calcium carbonate, talc or titanium white; a paper-strengthening agent such as starch, 
40 polyacrylamide or polyvinyl alcohol; a fluorescent brightening agent; a moisture-holding agent such as polyethylene 
glycol; a dispersing agent; or a softening agent such as a quaternary ammonium salt 

[0055] Water f reeness of the pulp used in paper-making is preferably 200 to 500 cc, based on CSF. The sum of the 
weight percentage of 24 mesh residue and the weight percentage of 42 mesh residue with respect to the fiber length, 
based on J1S-P-8207, is preferably between 30 and 70%. The 4 mesh residue is preferably not more than 20% by 
4S weight. 

[0056] The weight of raw paper is preferably 30 to 250 g/m 2 , and more preferably 50 to 200 g. The raw paper may 
be subjected to calender treatment, during or after the paper-making process, to provide enhanced smoothness. The 
density of raw paper is generally 0.7 to 1.2 g/m 2 , based on JlS-P-8118. The rigidity of raw paper is preferably 20 to 
200 g, based on JIS-P-8143. The surface of the raw paper may be coated with a sizing agent. As the sizing agent is 
so employed one which is added into the interior of the raw paper as described above. The pH of the raw paper is 
preferably 5 to 9 in the case when measured in the hot water extraction method. 

[0057] As polyethylene, coated on the surface or the back of the raw paper, a bw density polyethylene (LDPE) and/ 
or a high density polyethylene (HDPE) are mainly used, however, other linear low density polyethylenes (LLDPE) or 
polypropylene may also be used. As widely used in the photographic art, a polyethylene layer coated on the side of 
ss an ink absorbing layer preferably contains, within the polyethylene, rutile type r anatase typ titanium xide to improv 
opacity r whiteness. The content of the titanium xide is pr ferably 3 to 20% by weight, and more preferably from 4 
to 1 3% by weight. The polyethylene-coated paper can be empl yed as a gl ssy paper, or used through t nming matte 
surface or silk surface , as obtained in conventional ph tographic print paper, by subjecting it to an mbossing treatment 
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when coating polyethylene on the raw paper surface by melt extrusion. The amount of p tyethylene coated on the 
surface or the back of the raw paper is adjusted so that there is no curling when aged under high humidity r low 
humidity, after forming an ink absorbing layer and a backing layer. The thickness of polyethylene layer n the side of 
the ink absorbing layer is preferably from 20 to 40 \xm and that on the side of the backing layer is preferably from 10 
5 to 30 urn 

[0058] Herein, a polyethylene-coated paper support having the following characteristics is preferably employed: 

(1 ) Tensile strength; i.e., strength based on JIS-P-8113, from 2 to 30 Kg in the longitudinal direction and from 1 to 
20 Kg in the cross direction, 

70 (2) Tear strength; from 10 to 200 g in the longitudinal direction and from 20 to 200 g in the cross direction, 

(3) Compression elastic modulus; 103 Kgf/cm 2 or more, and 

(4) Surface Beck smoothness; 20 s (sec), or longer under the conditions based on JIS-P-8119 in the case when 
used as glossy paper (provided that in the case of embossed paper, a shorter time may be allowed), and 

(5) Opacity; transmittance of visible light of 20% or less, preferably 15% or less, under the measuring conditions 
is incidence of linear light and transmission of diffuse light. 

[0059] The preferably employed coating methods include a roll coating method, a rod bar coating method, an air- 
knife coating method, a spray coating method, a curtain coating method and an extrusion coating method by the use 
of a hopper described in U.S. Patent 2,681,294. 

20 [0060] The water-based recording liquid used in the ink-jet recording using ink-jet recording sheets according to the 
invention will be further explained below The water-based recording liquid is conventionally comprised of a water 
soluble dye, a solvent and if desired, other adjuvant(s). The water soluble dye may be such known dyes as used in 
the ink-jet recording, including a direct dye. an acid dye, a base dye, a reactive dye or a dye used in food processing. 
Of these, the direct dye or acid dye is preferred. The solvent is mainly comprised of water. A high boiling solvent with 

2$ a boiling point of 120 B C or higher, which is liquid at room temperature, is further added to prevent the dye from pre- 
cipitating when the recording liquid is dried, leading to clogging at the top of the nozzle or in the way of supplying the 
water-based recording liquid. Thus, the high boiling solvent needs to prevent precipitation of solid components) such 
as dye when water is evaporated, resulting in formation of coarse precipitates, so that the high boiling solvent must 
have a vapor pressure lower than that of water. It is also necessary that the high boiling solvent has a high miscibilrty 

30 with water. Examples of such high boiling solvents include alcohols , such as ethylene glycol, propylene glycol, Meth- 
ylene glycol, triethylene glycol, glycerin, diethylene glycol monomethyl ether, diethylene glycol monobutyi ether, Meth- 
ylene glycol monobutyi ether, glycerin monomethyl ether, 1 ,2,3-butanetriol, 1,2.4-butanetriol, 1 ,2,4-pentanetriol, 
1 ,2,6-hexanetriol, thiodiglycol, triethanolamine and polyethylene glycol (at an average molecular weight of 300 or less). 
In addition, dimethylformamide and N-methylpyrrolidone may also be employed. Of these high boiling solvents pref- 

3£ erabry employed are a polyhydric alcohol such as diethylene glycol, triethanol amine, glycerin or triethanol amine; and 
a lower alky I ether of a polyhydric alcohol, such as triethylene glycol monobutyi ether. 

[0061] To the water-based recording liquid is optionally added an adjuvant, such as a pH-adjusting agent, a metal 
ion-sequestering agent, an anti-molding agent, a thickening agent, a surface tension adjusting agent, a wetting agent, 
a surfactant or an anticorrosive agent 

40 [0062] For the purpose of enhancing wettability with respect to the recording sheet and stabilizing ejection from the 
ink-jet nozzle, the surface tension of the water-based recording liquid is preferably from 25 to 50 mN/m (dyne/cm), and 
more preferably from 28 to 40 mN/m (dyne/cm) at 25° C. The viscosity of the water-based recording liquid is preferably 
from 2 to 10 mPas (cP) and more preferably from 2.5 to 8 m Pas (cP) at 25° C. The pH of the water-based recording 
liquid is preferably from 3 to 9: When the volume of an ink droplet ejected from the ink nozzle is from 1 to 30 pL, a dot 

45 size of from 20 to 60 urn is preferably obtained. The ink droplet volume is more preferably from 2 to 20 pL A color print 
with such dot sizes provides high quality images. 

[0063] With respect to at least magenta and cyan, in the case of ink-jet recording with a recording system using two 
kinds of water-based recording liquids, different in density by at least a factor of two, it becomes difficult to distinguish 
dots due to using an ink with a tower density. However, the present invention is applicable to such a recording system. 
so [0064] A variety of recording methods known in the art can be employed in the ink-jet recording method. Details 
thereof are described in Trends in Ink-Jet Recording Techniques' (edited by Takaichi Nakamura and published by 
Ninon Kagakujoho Corp., March 31 , 1995). 



ss 



Examples 

[0065] Embodiments of the pr s nt invention will be explained based on examples, however, the present invention 
is not limited to these examples. 
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Example 1 

[0066] A paper supp rt coated with p lyethylene on both sides of photographic raw pap r at 1 60 g/m* was prepared, 
in which a polyethylene layer f a thickness f 34 u/n and containing 1 3% by weight of an anatase type titanium dioxide 
was provided on the recording side, while on the back side was provided a polyethylene layer with a thickness of 25 
\W) and further provided thereon, was a backing layer containing 0.6 g/m 2 as a solid component of an acryl type resin 
with Tg of 65° C and 0.3 g/m 2 of silica with an average particle size of 13 u/n as a matting agent. 
[0067] Next, to 900 ml of water was added, while stirred in a high-speed homogenizer, 1 80 g of fine silica particles, 
prepared in a gas phase method and having an average primary particle size of T nm ( to form a silica aqueous disper- 
sion. To the aqueous silica dispersion was added 120 ml of 20% aqueous solution of a cationic mordant described 
below, and dispersed for 30 min. in a high-speed homogenizer to obtain a pale clear dispersion. Next, there was 
gradually added 400 ml of a 5% aqueous solution of polyvinyl alcohol (containing 4% by weight of ethyl acetate) further 
having a polymerization degree of 3,500 and a saponification degree of 88%. 

Subsequently, a 5% aqueous solution of boric acid (containing 20% ethanol), as a hardening agent was added thereto 
in amounts as shown in Table 3, then, 50 ml of aqueous gelatin solution was added and water was further added to 
make a total volume of 2,100 ml. Thus, a coating solution to form a void layer was prepared. 

Cationic mordant: 

pH 3 pH 3 CH 3 C h 3 

COOCH 3 COOCjHs COOCH 2 CH2^-CH 3 COOCHgCHsOH 

CH3 cr 

x;y:z:w = 25:25:45:5 (molar ratio) 
Average molecular weight%23 , 000 

[0068] The thus prepared coating solution was heated to 40* C, coated on the recording side of the polyethylene- 
coated paper support described above to form a wet layer thickness of 220 ujn, cooled to a coating layer temperature 
of 15* C or lower (for 20 s (sec.)), subsequently, dried by successively blowing air at 25° C lor 60 s (sec), air at 30» C 
for 60 s (sec), air at 40° C for 60 s (sec), air at 45° C for 120 s (sec.) and air at 35° C for 60 s (sec) and subsequently 
passed through an atmosphere of 25° C and 50% R.H. for 120 s (sec). Recording sheets 1 to 5 were thus prepared. 
[0069] Further, recording sheets 6 to 10, 11 to 15, and 16 to 20 each were prepared in the same manner as in the 
recording sheets 1 to 5, except that the amount of 5% aqueous solution of polyvinyl alcohol having a polymerization 
degree of 3,500 and a saponification degree of SB% was varied to 500 ml, 600 ml and 800 ml, respectively. Recording 
sheets 1 to 20 thus obtained were aged at 35° C tor a period of 3 days. 
[0070] Next, water-based ink-jet recording liquids were prepared as follows. 



Yellow ink-1 


Direct Yellow 66 


2.0 g 


Diethylene glycol 


22.2 g 


Glycerin 


4.5 g 


Water to make 


100 ml 



Magenta tnk-1 


Direct Red 227 


1.8 g 


Glycerin 


3.5 g 


Diethylene glycol monobutyl ether 


21.5 g 


Water to make 


100 ml 
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10 



15 



20 



25 



30 



35 



40 



45 



Cyan ink-1 


Direct blue 199 


2.4 g 


Ethylene glyc I 


16.1 g 


Glycerin 


9-5 g 


Water to make 


100 ml 



[0071] The amount of a hydroxy group per 100 ml of each of the above water-based ink-jet recording liquids were 
as follows. 



Yellow ink-1 
Magenta ink-1 
Cyan ink-1 



566 mmol/100 ml 
247 mmol/100 mi 
829 mmol/100 ml 



[0072] Next, using these ink-jet recording liquids, printing was carried out on each of recording sheets 1 to 20, by 
an on-demand type ink-jet printer (droplet volume = 25pL, maximum printing density = 1629 dots/cm x 1B29 dots/cm 
(720dpi x 720dpi)). Printing was carried out for a single-colored solid printing, two-colored solid printing and three- 
colored solid printing. The single-colored solid image was printed at the maximum printing density (at an ink amount 
= 20 ml/m 2 ), the two-colored solid image was printed at 60% of the maximum printing density (at an ink amount = 24 
ml/m 2 ), and the three-colored solid image was printed at 40% of the maximum printing density (at an ink amount = 24 
ml/m 2 ), in which the amount of the hydroxy group contained in the high boiling solvent in each of the solid density 
portions (expressed in mmol/m 2 ) was as follows. 

Table 2 



Single-colored solid printing 


Two-colored solid printing 


Three-colored solid printing 


Y 


M 


C 


Y+M 


M+C 


C+M 


Y+M+C 


113 


49 


166 


98 


129 


167 


131 



[0073] From Table 2, the 2 of the water-based recording liquid when printed under the conditions described above 
[i.e., a maximum value of the amounts of the hydroxy group contained in a high boiling organic solvent, per unit area 
when recorded on a recording sheet at the maximum ejecting amount of the water-based recording liquid (maximum 
ink amount)] is 167 mmol/m 2 . 

[0074] Printed recording sheets 1 to 20 were allowed to stand in an atmosphere at 40° C and 80% R.H. for 2 days. 
After storage, recording sheet samples each were observed with a magnifier tor cracking, and single-colored solid 
printing portions (Y, M, C), two-colored solid printing portions (Y+M, M+C, C+Y) and three-colored solid printed portions 
(Y+M+C) were evaluated with respect to cracking after storage, based on the following criteria. 

A: No cracking was observed even with a magnifier. 

B: Slight cracking was observed with a magnifier, but was not visually evident. 
C: Slight cracking was observed with a magnifier. 
D: Marked cracking was visually observed. 

[0075] Results are shown in Table 3. 



so 



ss 
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[0076] 



As can be seen from Table 3, in cases when requir ments (1) and (2) according to the invention are m t. n 
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cracking occurred in the solid density portions even after storage at high temperature and high humidity. Specifically, 
it was proved that when X/Y was between 0.1 and 0.4, and Z/Y was 3 or less, cracking was the least prominent. 

Example 2 

5 

[0077] Water-based ink-jet recording liquids were prepared as bebw. 



Yellow ink-2 


Direct Yellow B6 


2.0 g 


Diethylene glycol 


21 .5 g 


Glycerin 


9.8 g 


Water to make 


100 ml 




Magenta ink-2 


Direct Red 227 


1.8 g 


Glycerin 


10.5 g 


Diethylene glycol 


19.5g 


Water to make 


100 ml 



25 



30 



35 



45 



50 



Cyan ink-2 


Direct blue 199 


2.4 g 


Ethylene glycol 


16.1 g 


Glycerin 


12.9 g 


Water to make 


100 ml 



[0078] The amount of a hydroxy group per 100 ml of each of the above water-based ink-jet recording liquids were 
as follows. 



Yellow ink-1 
Magenta ink-1 
Cyan ink-1 



725 mmot/lOOml 
710 mmol/100 ml 
940 mmol/100 ml 



[0079] Using the on-demand type ink-jet printer used in Example 1, a single-colored solid print, two-colored solid 
40 print and three-colored solid print were respectively made, in which the amount of the hydroxy group contained in a 
high boiling solvent in each of the solid density portions (expressed in mmol/m 2 ) is as follows. 

Table 4 



Single-colored solid printing 


Two-colored solid printing 


Three-colored solid printing 


Y 


M 


C 


Y+M 


M+C 


C+M 


Y+M+C 


145 


142 


188 


172 


198 


200 


190 



[0080] From Table 4, the Z of the water-based recording liquid when printed under the conditions described above 
[i.e., a maximum value of the amounts of the hydroxy group contained in a high boiling organic solvent, per unit area 
when recorded on a recording sheet at the maximum ejecting amount of the water-based recording liquid (or maximum 
ink amount)] is 200 mmol/m 2 . Then, similarly to e-Example 1 , printed recording sheets 1 through 20 were evaluated 
with respect to cracking. Results are shown in Table 5. 
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[0081] As can be seen from Table 5, in cases when requirements (1 ) and (2) according to the invention are m t,n 
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cracking occurred in the solid density portions even after storage at high temperature and high humidity. 
Claims 

s 

1 . An ink-jet recording method comprising: 

recording on an ink-jet recording sheet comprising a non-water-absorbing support and provided thereon an 
ink absorbing layer comprising polyvinyl alcohol, fine inorganic particles and boric acid or its salt, using an ink-jet 
recording apparatus and a water-based recording liquid containing a high boiling solvent having a hydroxy group, 
70 wherein the folbwing requirements {1 ) and (2) are met: 

(1) 0.05 <X/Y£ 0.5 



w (2) Z/Y < 4 

wherein X is an amount of boric acid or its salt contained in the ink absorbing layer of the recording sheet, expressed 
in mmol/m 2 ; Y is an amount of a hydroxy group contained in polyvinyl alcohol contained in the ink absorbing layer 
so of the recording sheet, expressed in mnnol/m 2 ; and Z is a maximum amount of the hydroxy group in the high boiling 

solvent per unit area when recorded on the recording sheet at a maximum ejecting amount of the water-based 
recording liquid expressed in mmol/m 2 . 

2. The ink-jet recording method of claim 1 , wherein the following requirements (1 ) and (2) are met: 

ss 

(1) 0.1SX/YS0.4 
(2) Z/Y< 3 

30 

wherein X, Y and 2 are as defined in claim 1 . 

3. The ink-jet recording method of claim 1 or 2, wherein the polyvinyl alcohol has an average polymerisation degree 
3S of Irom 2,000 to 5.000. 

4. The ink-jet recording method of any preceding claim, wherein the fine inorganic particles are fine silica particles 
which are prepared in a gas phase method. 

40 5. The ink-jet recording method of any preceding claim, wherein the fine inorganic particles have an average primary 
particle size of from 3 to 30 nm. 

6. The ink-jet recording method of any preceding claim, wherein a ratio by weight of the fine inorganic particles to 
the polyvinyl alcohol is between 3 and 9. 

4S 

7. The ink-jet recording method of any preceding claim, wherein the support is a paper support laminated on both 
sides with polyethylene. 

8. The ink-jet recording method of any preceding claim, wherein the volume of an ink droplet ejected from an ink 
so nozzle of the ink-jet recording apparatus is from 1 to 30 pL 



Patentanspruche 

ss 1. Tmtenstrahlaufzeichnungsverfahren durch Autzeichnung auf einem Tintenstrahlaufzeichnungsblatt, bestehend 
aus einem Wasser nicht-absorbierenden Schichttrager und einer darauf vorgesehenen, Tinte absorbierenden 
Schicht, umfassend Poiyvinylalkohol, fein anorganische Teilchen und B rsaure od r ein Salz derselben, unter 
Verwendung ein r Tintenstrahlaufzeichnungsvorrichtung und einer Aufzeichnungsflussigkert auf Wasserbasis mit 
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einem Gehatt an einem hochsiedenden Losungsmittel mit ein r Hydroxy gruppe, 
wobei die folgenden beiden Eriordernisse (1 ) und (2) erfullt werden: 



0) 



0,05 sSX/Y 50,5 



(2) 



2ft <A 



worin bedeuten: 

X die Menge an Borsaure Oder deren Safe in der Tmte absorbierenden Schicht des Aufzeichnungsblatts, aus- 
gedruckt in mmot/m 2 ; 

Y die Menge an Hydroxygruppen in dem in der Ttnte absorbierenden Schicht des Aufzeichnungsblatts ent- 
haltenen Polyvinylalkohot, ausgedruckt in mmol/m 2 , und 

Z die maximale Menge an Hydroxygruppen in dem hochsiedenden Losungsmittel pro Etnhertsflache bei Durch- 
f uhrung der Aufzeichnung auf dem Aufzeichnungsblatt bei maximaler AusstoBmenge an der Aufzeichnungs- 
flussigkert auf Wasserbasis, ausgedruckt in mmol/m 2 . 

2. Tintenstrahlaufzeichnungsverfahren nach Anspruch 1 . wobei die folgenden Erfordernisse (1 ) und (2) erfullt werden: 



worin X, Y und Z gemaB Anspruch 1 definiert sind 

3. Tintenstrahlaufzeichnungsverfahren nach Anspruch 1 Oder 2, wobei der Polyvinyialkohol einen durchschnittlichen 
Polymerisations grad von 2000 bis 5000 aulweist. 

4. Tintenstrahlaufzeichnungsverfahren nach einem der vomergehenden Anspruche, wobei es sich bei den feinen 
anorganischen Teilchen urn nach einer Gasphasenmethode hergestellte feine Siliciumdioxidteitchen handelt. 

5. Tmtenstrahlaufzeichnungsverfahren nach einem der vomergehenden Anspruche, wobei die feinen anorganischen 
Teilchen eine durchschnittliche PrimarteilchengrdSe von 3 bis 30 nm autweisen. 

6. Tmtenstrahlaufzeichnungsverfahren nach einem der vorhergehenden Anspruche, wobei das Gewichtsverhaltnis 
feine anorganische Teilchen / Polyvinyialkohol zwischen 3 und 9 liegt. 

7. Tmtenstrahlaulzeichnungsverfahren nach einem der vorhergehenden Anspruche, wobei es sch bei dem Schicht- 
trager urn einen beidsettig mit Polyethylen kaschierten Paperschichttrager handelt. 

8. Trntenstrahlautzeichnungsvertahren nach einem der vorhergehenden Anspruche, wobei das Vblumen eines aus 
einer Tmtenduse der Tmtenstrahlaufzetchnungsvorrichtung ausgestoSenen Tmtentropfchens 1 bis 30 pi betragt. 

Revendi cation* 

1. Precede d'enregistrement par jet d'encre, comprenant : 

I'enregistrement sur une feuille d'enregistrement par jet d'encre, comportant un support n'absorbant pas Teau, et 
sur lequel est disposee une couche absorbant I'encre comprenant de Talcool polyvinylique, de fines particules 
inorganiques et de Pacide borique ou un de ses sets, a I'aide d'un appareil d'enregistrement a jet d'encre et d'un 
liquide d'enregistrement aqueux contenant un solvant a haut point d'6bullition qui p ssede un groupe hydroxyle, 
dans lequel les conditions (1) et (2) suivantes s nt satisfaites : 



0) 



0.1 5X^<0.4 



(2) 



Z/YS3 
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(1) 0,05 <X/Y* 0,5 
(2) Z/Y $ 4 

ou X est une quantite d'acide borique ou d'un de ses sels, contenue dans la couche absorbant I'encre de la leuille 
d'enregistrement, exprimee en mmoles/m 2 ; Y est une quantite d'un groupe hydroxyie contenue dans de I'alcool 
polyvinylique present dans la couche absorbant I'encre de la teuille d'enregistrement, exprimee en mmoles/m 2 ; 
et 2 est une quantite maximale du groupe hydroxyie dans le solvant a haut point d'ebullition par unite de surface 
lorsque I'enregistrement est effectue sur la feuille d'enregistrement en une quantite ejectee maximale du liquide 
d'enregistrement aqueux, exprimee en mmoles/m 2 . 

Precede d'enregistrement par jet d'encre selon la revendication 1, dans lequel les conditions (1) et (2) suivantes 
sont satisfaites : 

(1) 0,1 s X/YS0.4 

(2) Z/Y < 3 
ou X, Y et Z sont definis comme dans la revendication 1 . 

Precede d'enregistrement par jet d'encre selon la revendication 1 ou 2, dans lequel I'alcool polyvinylique presente 
un degre moyen de polymerisation de 2000 a 5000. 

Precede d'enregistrement par jet d'encre selon I'une quelconque des revendications precedentes, dans lequel les 
fines particules inorganiques sont de fines particutes de silice qui ont ete preparees selon un precede en phase 
gaze use. 

Precede d'enregistrement par jet d'encre selon I'une quelconque des revendications precedentes, dans lequel les 
fines particules inorganiques ont une taille moyenne des particutes primaires de 3 a 30 nm. 

Precede d'enregistrement par jet d'encre selon I'une quelconque des revendications precedentes, dans lequel le 
rapport en poids des fines particules inorganiques a I'alcool polyvinylique est compris entre 3 et 9. 

Precede d'enregistrement par jet d'encre selon I'une quelconque des revendications precedentes, dans lequel le 
support est un support en papier stratifie sur ses deux faces avec du polyethylene. 

Precede d'enregistrement par jet d'encre selon I'une quelconque des revendications precedentes, dans lequel le 
volume d'une gouttelette d'encre ejectee de la buse de jet d'encre de Papparei! d'enregistrement a jet d'encre est 
de 1 a 30 pL 
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